Abstract: Complex anterior urethral stricture disease typically manifests as a symptomatic, severely narrowed, long stricture (or multiple strictures) in which conventional excision and/or augmentation is not feasible. Overlapping buccal mucosal graft urethroplasty (OBMGU) is an innovative hybrid technique, combining the well-established principles of dorsal and ventral graft augmentation to allow single stage reconstruction of complex anterior urethral strictures. In this review, we discuss the rationale, techniques, and outcomes of OBMGU for complex anterior urethral strictures.
Introduction
Urethroplasty is the gold standard treatment for anterior urethral strictures. With success rates eclipsing 90% in many series, most patients can be cured of their stricturerelated voiding problems with a single, straightforward, well tolerated operation. However, a select subset of urethral strictures are more complex, requiring more involved repairs with lower success rates and the potential for increased complications and decreased quality of life (1, 2) .
Urethroplasty success is predicated on adoption of one or both of the following principles: excision and augmentation. For excisional urethroplasty, the diseased segment is excised, and the healthy ends anastomosed. For augmentation urethroplasty, the diseased segment is incised and the lumen widened by augmenting the incised urethra with a graft or flap of substitute epithelium (typically oral mucosa or penile skin, respectively). While most strictures are amenable to single stage repair by following these principles, some strictures are too long for simple excision and/or have a urethral plate which is unfit for augmentation, thus greatly increasing the complexity of repair required ( Figure 1) .
The conventional reconstruction technique for anterior urethral strictures unfit for single stage excision and/or augmentation is staged urethroplasty (3) (4) (5) . During stage 1, the diseased urethra is incised or excised and a proximal urethrostomy is matured. A neo-urethral plate is then created by fixing a graft of buccal mucosa (BMG) or hairless skin to the neomeatus and adjacent incised skin edges. Several months later, the neourethra is separated from the skin and tubularized. While this well-established approach is certainly acceptable for the management of complex anterior strictures, it does have numerous unique drawbacks. Multi-stage urethroplasty is more burdensome for the patient due to the bed-rest and bolstered dressings required after the first stage, the long interval of graft maturation between stages (with attendant cosmetic, sexual, and voiding implications of a proximal urethrostomy and/or suprapubic tube), and the potential for a second-stage operation with the requisite cost, convalescence, and catheter drainage for several more weeks. In some series, 50% or more of the men who underwent first stage urethroplasty did not return for second-stage urethroplasty (3, 6, 7) . Additionally, 2-staged urethroplasty often becomes multi-staged, given the 18-45% rate of additional revision procedures needed for neourethral stenosis after the second stage (3, 6, 7) . Given these drawbacks, single stage reconstruction with overlapping buccal mucosal graft urethroplasty (OBMGU) offers a potential alternative to multi-stage urethroplasty for complex anterior urethral strictures.
Rationale for OBMGU

Adequate graft support
Success with tissue grafting requires a healthy recipient bed where the graft matures during the 2-step process of imbibition and inosculation. Graft-augmented urethroplasty also requires a urethral plate of adequate width to allow anastomosis of the graft to either end of the plate. If the urethral plate is too narrow, a wide graft must be used to achieve a normal neourethral caliber, placed in a configuration which approximates that of a complete tube ( Figure 2) . Such an approach is problematic, given the historically poor results obtained with tubularized repairs (8) and the challenge of performing a spongioplasty to support wide, ventrally placed grafts (9) . Using dual, overlapping grafts these problems can be avoided. The dorsal graft (supported by the ventral corporal bodies) reconstitutes the urethral plate and the ventral graft spans the entire length of the stricture. The overlapping concept allows for a narrower ventral graft, thus avoiding tubularized grafts and facilitating conventional spongioplasty for bulbar strictures ( Figure 3 ) (10) or "pseudospongioplasty" in the pendulous urethra where the corpus spongiosum is less robust (9) .
Avoidance of urethral transection
Despite the excellent long term results of excision and primary anastomosis (EPA) for short bulbar strictures (11), some authors remain concerned about the potential for troublesome sexual side effects caused by disruption of the neurovascular structures of the corpus spongiosum when the full-thickness spongiosal complex is transected and excised (12, 13) . OBMGU has been shown to be an effective alternative to EPA for short bulbar strictures when concerns about urethral transection exist (13) (14) (15) (16) . While we believe that the potential for neurovascular related sexual dysfunction following EPA is minimal in uncomplicated patients, men with known vascular compromise of the corpus spongiosum (i.e., those with multiple urethral strictures, prior urethral transection, indwelling artificial urinary sphincter, history of hypospadias, and/or prior pelvic radiation therapy) can benefit from the nontransecting technique employed during OBMGU (discussed below).
Technique for OBMGU
Multiple technical nuances for OBMGU have been reported (10, 16, 17) . We prefer a modification of the technique originally reported by Palminteri et al. (16) which is a hybrid of two well established techniques: the (18) and the ventral sagittal approach for dorsal graft placement originally described by Asopa et al. (19, 20) . For all patients, stricture anatomy is delineated with retrograde/voiding cystourethrography and flexible cystoscopy. Urethral catheters, when present, are removed at least 6 weeks preoperatively to allow for maturation of the stricture, thus enabling intraoperative identification of the diseased segment (21) . Preoperative suprapubic cystostomy tubes are placed selectively for those men with debilitating lower urinary tract symptoms (LUTS) and/or urinary retention.
Patient positioning is determined by the location of the stricture (supine for pendulous strictures, dorsal lithotomy for bulbar strictures). BMG harvest and preparation is performed utilizing conventional techniques (22,23) using a two-team approach when feasible. The urethra is exposed via a ventral midline incision. Cystoscopic placement of a guide wire across the stricture facilitates safe and precise ventral stricturotomy beginning at the distal end of the stricture and extended proximally until normal caliber urethra is reached. The tissue quality of the urethral plate is examined and the stricture length and width assessed.
For obliterative urethral plate segments (<5 mm wide) and those with severe spongiofibrosis, the urethral plate and underlying fibrotic corpus spongiosum are focally excised. The urethral plate is then reconstituted with a fenestrated dorsal BMG, spread-fixed to the corporal bodies with interrupted 5-0 polyglactin suture. Urethral plate segments 5-10 mm wide with healthy corpus spongiosum are incised in the dorsal midline to the level of the tunica albuginea and lateralized approximately 1.5 cm. The resultant 1.5 cm wide elliptical defect in the urethral plate is then reconstituted with a fenestrated dorsal BMG fixed to the medial edges of the urethral plate and quilted to the ventral corporal tunica with interrupted 5-0 polyglactin suture. 
Outcomes of OBMGU
The first reported experience with OBMGU was published by Palminteri et al. in 2008 (16 (15) . Sexual complications were avoided in this series and 6 of the 9 recurrent strictures were salvaged with internal urethrotomy. Late recurrences were seen, however, with three patients demonstrating stricture recurrence between 2 and 3 years postoperatively. The authors concluded that OMBGU is a valuable technique for augmentation urethroplasty in patients with severe strictures in whom preservation of the urethral plate is desired (15) .
While the work by Palminteri et al. (15) , was limited to bulbar strictures, a subsequent multi-institutional study applied OBMGU to all anterior strictures regardless of location (bulbar and/or pendulous) (10) . In their series of 36 patients who underwent OBMGU, 39% of strictures involved the pendulous urethra. Overall mean stricture length was 4.5 cm and 25% of the men had a history of either hypospadias or lichen sclerosis. Despite a more complex group of strictures compared to those treated by Palminteri et al. (15) , a similar success rate of 89% was observed a mean 16 months after urethroplasty, suggesting that OBMGU is a reliable procedure for both bulbar and pendulous urethral strictures (10) .
In a more recent report, Gelman et al. described their initial experience with an alternative technique for OBMGU which involved circumferential urethral dissection and dorsal urethrotomy (17) . Once exposed via the dorsal urethrotomy, obliterative urethral mucosa was excised until non-fibrotic spongy tissue was seen, thus removing the scarred, unusable urethral plate while sparing the underlying vascular spongiosum and avoiding full-thickness spongiosal transection. The excised urethral plate was reconstituted with a ventral BMG quilted to the spongiosum. A second BMG was then quilted to the ventral corporal bodies and the repair completed over a 16 Fr urethral catheter similar to a conventional dorsal onlay BMG urethroplasty. This novel technique showed promising results with 17 of the 18 patients having cystoscopic urethral patency 4 months after surgery and freedom for further procedures a mean 50 months postoperatively. The authors preferred the dorsal approach because only one urethrotomy was required, thus limiting dissection through the spongiosum and perhaps decreasing the risk of vascular compromise across the incised portion of the urethra (17).
Alternatives to OBMGU
As the above studies have demonstrated, OBMGU is an innovative technique which can be applied across the broad spectrum of complex anterior urethral stricture disease. However, some strictures may present unique challenges for which alternative techniques may offer advantages over OBMGU. For example, when the corpus spongiosum is severely scarred or absent (as seen after destructive penetrating trauma or multiple failed attempts at urethroplasty), there may be insufficient local tissue to support the ventrally placed BMG. In such scenarios, the combination of a dorsally placed BMG with a ventrally placed penile skin flap has been shown by multiple authors to be a reliable alternative to multi-stage reconstruction (24) (25) (26) . Disadvantages of this "flap on graft" approach include the additional dissection required for penile skin flap mobilization and the need for penile skin of adequate quality and amount. Men with a history of lichen sclerosis and/or hypospadias often have deficient or diseased foreskin precluding flap construction, a relatively common situation noted in a previously published OBMGU series (10) .
A simple alternative to OBMGU for severely narrowed (but not completely obliterated) bulbar strictures was recently published by Barbagli et al. (27) . In this report, tubularized grafts were avoided by deliberately leaving a gap between one side of the urethral plate and the ipsilateral margin of the BMG, thus suturing the graft directly to the © Translational Andrology and Urology. All rights reserved.
Transl Androl Urol 2015;4(1):16-21 www.amepc.org/tau corpus spongiosum and relying on epithelial ingrowth to reconstitute the narrowed urethral plate. While the authors reported similarly favorable outcomes compared to those with wider urethral plates who underwent conventional ventral BMG urethroplasty (27) , we have found that the addition of the second, dorsally placed BMG permits use of narrower grafts, preserves the ability to complete mucosato-mucosa, graft-to-plate anastomoses, and results in potentially lower rates of urinary extravasation, sacculation, and recurrent stricture formation (10).
Conclusions
Effective management of patients with complex anterior urethral strictures requires a diverse armamentarium of reconstructive techniques including various excisional, incisional, and augmentation based procedures. Recent studies indicate that OBMGU is a reliable technique for the single stage reconstruction of anterior urethral strictures too long for excisional urethroplasty, too complex for simple only augmentation, and for patients in whom the onerous process of multi-stage reconstruction is unacceptable.
